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Enhance SOF capability by identifying key gaps and
deficiencies resulting from applications of advanced
technology, particularly network communications,
unmanned systems, and net-centric applications and
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Research Network Testbed Modeling and









Short and long-term technologies and operating concepts with a major focus on networks and
unmanned/autonomous systems
Deliverables
Quarterly Field Experiments Web Site After Action Reports
Technical Objective: Design and execute quarterly field experiments to obtain Measures of
Performance/Effectiveness for technologies and operators using the technologies
Technical Challenge: Conduct operationally relevant experiments that directly support Special
Operations Forces future requirements while simultaneously providing unique educational
opportunities for the postgraduate education of the nation’s military officers
Technical Approach: Quarterly field experiments of ~2 weeks duration. Individual experiments and
integrated systems in scenarios using operational forces
Unmanned/Autonomous Systems
Sweden, Austria, Singapore, Australia, Canada
Platform Camera Aircraft Detection





This project is currently funded through
SPAWAR and an NPS RIP award.
Mathias Kölsch
Asst. Prof. Computer Science
kolsch@nps.edu
Project Objective
Training pilots for aircraft landing approaches currently relies solely on manual
observation and on verbal feedback. Our goal is to provide both pilots and Landing
Signal Officers (LSOs) with additional and improved information about approaches in
the carrier landing environment. The project will investigate fully automatic data
acquisition by means of computer vision-based analysis of platform camera video.
Technological Benefits:
•Automatic data acquisition
•Seamless integration with existing platform technology
•Does not require airplane modification or cooperation
•Silent operation – usable during radio silence (EMCON)
•Easy transition to airfield (FCLP) landing evaluation system
Operational Payoff:
•Visualization provides convenient access for real-time analysis and session review
•Enhanced approach correlation between pilots and LSOs
•Support LSO training and trend analysis with archived data
•Cut training time, operating costs, and ultimately increase boarding rate










•Trends and statistics display
Joint Fires in 2020
Project Background
The transformation of our armed forces into more scalable, expeditionary units has
prompted an increased reliance on joint fire support. This reduction in organic fire support
capability drives the requirement for responsive and reliable fire support from any
available weapon, regardless of service branch, and presents challenges to traditional
doctrine and operations. This project originated with a request from JFCOM and is being
conducted in collaboration with the Air Force Institute of Technology
Objective
Develop integrated functional, physical, and operational architectures that efficiently link
joint fires requests with weapon-system taskings.
Contact Information




Graduate School of Engineering and Applied Sciences
Wayne E. Meyer Institute of Systems Engineering
http://www.nps.navy.mil/sea/
Scope
From user sending the request to provider accepting a tasking
For unplanned targets only – does not include battle planning
Scalable system to satisfy a variety of operational situations
 Streamlined System for Requests
 - Reduced Latency in Response
 - Improved Availability of Fires
 - Dynamic Prioritization




















‘I need help! ’




JFCOM, Joint Fires Integration and Interoperability Team, Air Force Institute of
Technology, Army’s TRAC-Monterey, Joint Fires Coordination Measures JT&E
Riverine Operations in 2010
Objective
Define alternative architectures that are currently in service or deliverable by 2010
and recommend a cost-effective system of systems that enables the United States
Navy Expeditionary Combat Command to project power, conduct ISR, and defend
the force in the riparian environment.
Contact Information




Graduate School of Engineering and Applied Sciences






Determine Customers and Stakeholders
Determine Problem Statement and Scope
Conduct Mission Analysis





Build Models of Architectures
Develop Test and Evaluation Parameters
Test the Architectures
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• Integration with joint, coalition,
and civilian agencies
• Operating up to 150nm from a
forward operating base.
Project Development and Scope
Riverine problem broken into major functional areas, each area is 
then broken into sub functions, measures of effectiveness are 
generated and modeled to display system strengths and weaknesses.
Project Milestones
Interim Project Review 03 AUG 06
Critical Design Review 28 SEP 06
Final Report to Editor 23 NOV 06
Final Presentation 07 DEC 06
NPS Maritime-Security Program
Background
NPS is conducting a program of research and
experimentation in support of the National Strategy
for Maritime Security, sponsored by OSD(HD).
Objectives
• Promote International collaboration
• Achieve Interagency collaboration
• Contribute to strategic objectives
Dr. Frank Shoup
feshoup@nps.navy.mil
Meyer Institute of Systems Engineering
VADM Johnson / USCG PACAREA 4





Examples of NPS Products
16




! Commandeered ship as
a weapon (SAW)
! Ship targeted by small
boat attack (SBA)





Department of Computer Science
Graduate School of Operations and
Information Sciences www.nps.edu
Operational Payoff/Transition Targets:
Benefits of this work include a significant step toward providing features for the GIG
such as Dynamic Security Services and Risk Adaptive Access Control. It provides a
dramatic physical footprint reduction of systems needed to access information at
different classifications, while affording user-friendly interfaces and highly trustworthy
protection of information from unauthorized access.
Deliverables:
These results can be used in joint interoperability demonstrations, with subsequent
tech transfer.
Technical Objective: Controlled access to assets at different classification levels with
protection of those assets with high assurance technology.
Technology Challenge: Provide users with standard office productivity tools for creation
and management of information while protecting against leakage of classified information.
Technical Approaches:  Highly trustworthy servers provide a locus of security policy
enforcement, while highly trustworthy appliances ensure unspoofable authentication of
users and security levels. Commodity PCs, office productivity tool and DoD applications






This work has been supported by a number of sponsors, most recently the
National Reconnaissance Office.  The Multilevel Testbed is an on going project.
Project Objective
Provide a coherent view of coalition information through simultaneous access to
information at different security levels; access to NIPRNET, SIPRNET, etc.; secure
data storage; dynamic security services; and ergonomic security.
Users need convenient
access to assets at
different classification
levels, yet these assets









Graduate School of Operational
and Information Sciences www.nps.edu
Common Operational Research Environment (CORE)
The NPS CORE Lab provides a secure computing platform for the purpose of
researching intelligence and operational problems related to low-intensity conflict
environments. The system is comprised of geographic-information systems (GIS)
and social-network analysis (SNA) software, which enable the fusion of all types of
common baseline data with problem specific data. Current focus: Afghanistan, Iraq.
 Information Diffusion
Spread of ideas and information
- Depict “lines of communication”
- Observe negative feedback areas
- Identify key villages nodes
- Focus collection and EBO
 Tracking & Targeting
Narrowing the search space
- Incident patterns and trends
- Threat patterns of innovation
- Target tracking and patterns
- Sympathetic tribal safe havens
Cultural Geography
Mapping the “human terrain”
- Identify tribal domains




Who’s who in the zoo?
- Social & organizational networks
- Sympathetic tribal connections






• MAP HT – Mapping the “human terrain” provides a spatial framework for integrating cultural
data for the analysis of low-intensity conflict environments. DA Dept., FMSO, NGA, SOCOM
• Information Diffusion – Student thesis exploring the flow and effects of information and ideas
through community based communication networks. OR & DA Depts., LLNL
• IED Patterns and Innovation – Coursework and student thesis to identify the spatial-temporal
patterns of IED incidents in Iraq. OR & DA Depts., JIEDDO, DDGO
• Dark Networks – Coursework and student projects which explore the utility of Social Network
Analysis methodologies and tools to understand networked threats. DA Dept.
• Manhunting – Student thesis to develop analytical and operational search strategies to find, tag,
track and locate fugitives of national interest. DA Dept., SOCOM, IC, and LEAs








A beyond line-of-sight ISR capability to commanders who would not normally rate
the priority to task a satellite, U-2, or Predator.
Deliverables:
Thesis report—tech data—recommendations for further study--Mid Sep 06
Contact Information
John Glass Kent Landreth
jcglass@nps.edu kalandre@nps.edu
Cost and Schedule:
This program is funded by the Defense Analysis Department and the USSOCOM-NPS
Cooperative Field Experimentation Program. TNT 06-04 will provide the venue for our final
concept demonstration in August, 2006.
Project Objective
The objective of the Tactical Horizon Extension Project is to define and demonstrate
a concept by which task-force-level commanders and below can obtain a persistent,
over-the-horizon surveillance capability for target development and other missions,





NPS SUAV and Control Van







Transitioning to the UCAV
Project Objective
The NPS Transitioning to the UCAV project objective is to utilize existing
technology to fill the 25-year gap that it will take for the UCAV to replace
the current military aircraft inventory. The F-16 UAS is a possible answer
to this concern.







decisions to 0, and
decrease budge costs
by 25+ billion dollars
within 25 years.
Operational Payoff/Transition Targets
The payoff for this work will significantly reduce the need to send pilots into
dangerous situations. It will also alleviate the need to develop advanced flight
weapon systems that require pilots to fly them. The F-16 UAS will reduce SAR
missions from entering combat zones. It will allow for easy transition since the F-
16 is currently being used for most combat missions and there are many of them
in the government’s inventory.
Deliverables
It is estimated that the F-16 UAS can be delivered for combat within 15 months.
Technical Objective: Define a technology that can help smoothly transition
to the UCAV
Technology Challenge: Reduce defense spending and risk-of-life
Technical Approaches: Advanced unmanned technology integrated into
currently existing weapon systems
Defense Analysis Department







Creating Ad Hoc Units
A Study in Effectiveness
Defense Analysis Department




The payoff for this work is decrease in the period
of ineffectiveness that ad hoc and Army Reserve
units face as they transition to wartime operations.
Deliverables
The project will deliver a comprehensive training
plan for use by both units prior to deployment and
by units preparing to transition out of theater.
Study Design
Technical Objective: Develop a critical task
training crosswalk for ad hoc units with limited
time between formation and deployment.
Technology Challenge: Ad hoc and Army
Reserve units have little available training time to
hone both their core and survivability tasks prior
to deployment.
Technical Approaches: Refine training programs
based on interviews and observation of units
during their mobilization and while deployed
overseas.
Contact Information




The project is funded by the United States Army Civil Affairs and Psychological
Operations Command and sponsored by SOCCENT. Subsequent interest in the
project has been received from the US Navy and US Air Force.
Project Objective
The objective is revision of training methods and programs to increase both ad hoc
and Army Reserve unit mission effectiveness prior to deployment. The primary
challenge is reducing the normal 90 to 120 day transition period in theater to 60
days. The ongoing study traces eight civil affairs unit through their training and one
year deployment to Iraq in 2006 and 2007.






Current Training and Transition Cycle
Proposed Training and Transition Cycle
       Honduras’ National Strategy
To Combat Terrorism
Project Objective
The purpose of this project is to provide an analysis of how Honduras’ Counter-
Terrorism Strategy relates to the United States’ Global War on Terror (GWOT).
The challenge is to identify where Ends-Ways-Means and risk assessment for
Honduras will overlap with the U.S. National Strategy for Combating Terrorism.
Contact Information
LTC. Raynel Funes P.
rfunespo@nps.edu
831-5839429
Department of Defense Analysis
Graduate School of Operations &
Information Sciences
www.nps.edu
Objective: Define the Honduras’ Counterterrorism Strategy
Purpose: Provide an analysis of how Honduras national security objectives align with those of the United States in a
common effort to counter international terrorism
Scope: To discover the benefits and risks that the United States and Honduras could achieve by committing to
international agreements to counter transnational terrorism. Even small countries in Latin America can make a




CT Units is one of the
Tools for such a Strategy
Terrorism in Latin America
Latin America has not suffered a direct strike from transnational terrorists yet, but unattended areas, drug
trafficking, organized crime, and gangs can provide safe havens and support for terrorists.
Strategic Payoff
The payoff of this work will be the benefits that the Western Hemisphere nations can achieve by committing
themselves to multinational agreements to counter international terrorism.
Counterterrorism is not the first priority for Latin America; therefore, there should be a way to
make governments understand that multinational agreements imply benefits in both directions
SOCCER
Special Operations Communications
and Computer Experimental Research
This presentation has been downgraded to UNCLASSIFIED
Objective
The SOCCER project is intended to propose tactical / technical solutions to
electronic radio wave (RW) force protection measures, as well as future operational
areas for SOF elements.
Funding
Funding was provided by SOCOM for travel and research. National intelligence
agencies, Naval Special Warfare, US Army Special Operations Command and
elements of SOCOM were visited.
Operational Payoff
This thesis will explore current and future utility of specific tactical aspects of
SOCOMs Joint Threat Warning System (JTWS). Specific tactical solutions and
methods of employment will be provided.
Deliverables
Specific areas of future SOF operations will be examined with proposed CONOPS





Defense Analysis and Computer
Science Departments
Graduate School of Engineering
and Applied Sciences
Method:
This research will achieve its objective by examining both traditional and emerging
technological trends currently effecting terrorist communications.
Variables:
These trends are related to regional demographics, such as migration, to show how future
trends may be predicted. Additionally, current capabilities and intentions of selected terrorist
organizations are examined to predict how emerging force protection measures could effect
their operating environment.
End State:
A conceptual framework for how improved systems could benefit SOF soldiers as an electronic
radio wave force protection means.
GaN on Diamond Technology
Department of Electrical and Computer Engineering
Graduate School of Engineering
and Applied Sciences
www.nps.edu
Operational Payoff/Transition Targets: It has been said, that vacuum tube
replacement is the highest individual component cost in the Navy. A solid state alternative if
engineered and manufactured properly will lower life cycle, improve top level performance and
reduce down time of phased arrays.
Deliverables: Discrete GaN high-electron-mobility transistors (HEMTs) are to be fabricated
on diamond substrates in 2006. A 40W power amplifier is to be delivered in 2007. NPS will
provide end-of-life studies and detailed modeling predicting performance & reliability.
Technical Objective: Develop/design GaN/diamond substrates for semiconductor
fabrication, optimize transistor geometries to maximize performance and thermal
conductivity. Our effort has been recognized in the June 2006 Compound Semiconductor
trade journal in this unique advancement in the state-of-the-art.
Technology Challenge: How close can we place a diamond layer under the transistor?
What is the impact on end-of-life by substantially lowering the active temperature of the
power transistor?
Technical Approaches: Unique IC industry software is used to model/predict in 2D & 3D
thermal gradients, output power, noise performance and device degradation. Lab facilities





Cost and Schedule: This work has been funded via MDA in STTRs and SBIRs. In
2007 we intend to demonstrate a power amplifier in this unique technology. Major DoD
contractors could have access in 2008 if funding expands.
Project Objective
Naval S&T has been pursuing gallium nitride (GaN) transistor technology to replace
vacuum tube TWTs in radar systems. GaN semiconductor technology has exceptional
performance but still has end-of-life reliability issues. This effort uses a diamond layer within
a nanometers of the active transistor to lower the device’s operating temperature by 80oC,
thus increasing transmit power and extending end-of-life performance.






be increased by 1-6
orders of magnitude.
DoD Trusted IC Foundry:
Too much Risk?
Dept. of Electrical & Computer
Engineering




If an IC technology susceptible to NBTI effects is fielded in DoD systems, life-cycle costs
requiring monthly maintenance and down time will be exorbitant. Complete electronic systems
may fail in operations within months of deployment.
Deliverables:
NPS is performing/developing charge pumping, lifetime measurements to characterize the
NBTI sensitivity of the IBM process. Investigation of the phenomena will produce device
models for circuit designers.
Technical Objective: To develop the infrastructure, equipment capabilities in the laboratory to
perform NBTI measurements that are recognized accurate by our peers in the semiconductor
industry. No industry baseline measurement exists.
Technology Challenge: To accuracy measure and control the temperature of the CMOS transistor
over a accelerated life test. The phenomena is due to Hydrogen migrating through the transistor
oxides due to thermal and electrical excitation. The measurement is very difficult due to the effect
relaxing (in microseconds).
Technical Approaches: Utilize hot chuck probing to calibrate temperature control of the DUT.
Charge pumping, and current measurements are used to estimate trapped hydrogen densities at the






NPS is supporting AFRL Kirtland to investigate NBTI on the IBM process. Funding to
NPS is ~$30K to develop capability to perform unique NBTI measurements in 2007.
Effort may expand to study the effects of space radiation on NBTI in 2008.
A commercial
technology is designed
for a 3-year life, military
applications operating
at 125oC may lower
part life from years to
months.
Project Objective
DoD (NSA,AF,Army,Navy) has purchased ($600M) access to IBM’s Vermont Semiconductor
fab to provide a trusted source of integrated circuits. With no reliability data provided in the
contract, the risk to DoD is unknown for use of this technology. Presently 90nm to 130 nm
CMOS technology has a end-of-life issue related to slightly elevated temperature operation
called negative-bias temperature instability (NBTI). NBTI can reduce IC lifetime from years
to months. NPS is to qualify and understand the degradation of IBM’s technology in a military
environment.
Configurable Fault-Tolerant
Processor for Space Applications
Project Goals
• Demonstrate feasibility of using FPGAs for spacecraft computer processing
• Provide test bed for on-orbit evaluation of various fault-tolerant concepts
Prof. Hersch Loomis, hloomis@nps.edu
Prof. Alan Ross, aross@nps.edu
Space Systems Academic Group, ECE Department, GSEAS






STP-1 to launch November 2006
with CFTP on Midstar-1 and NPSat1
Operational Payoff
•Reconfiguration of computers in space fights obsolescence
•Protection against random data and configuration errors
Deliverables
•CFTP delivered to MidSTAR July 2006
•CFTP to be delivered to NPSat September 2006
Technical Basis and Achievments
•Triple-modular redundancy and reduced-precision redundancy used to
achieve immunity to single-event effects on data.
•Configuration-error detection/correction techniques developed and tested.
•Configuration-error simulation and visualization techniques developed and
tested.
•Cyclotron testing (protons) – both data and configuration error correction
techniques – tested in August and November 2005.
Maritime Domain Awareness
Research at NPS
Our beliefs–based on 15+ years of research





• Vessel tracking systems (USCG, etc.)
– HUMINT
– IMINT
NPS is uniquely suited to help with the evaluation of elements of this process
Prof. Dan Boger, dboger@nps.edu
Prof. Hersch Loomis, hloomis@nps.edu
Prof. Alan Ross, aross@nps.edu
Prof. Bret Michael, bmichael@nps.edu
Prof. Phil Durkee, pdurke@nps.edu
www.nps.edu


































Space Systems Academic Group
Space Systems Academic Group
Space Systems Academic Group
Computer Science Department
Meteorology Department
Operational Payoff: Automatic tracking of all “large” shipping so that:
• Anomalous behavior can be detected
• When a ship is declared to be of “high interest,” her history can be quickly determined.









• Space Systems Operations students in SS4051 and JC4I Systems students in CC4913 have
done architectural studies for the global MDA/MDP/MS problem
• Role-based access control, Cloud tracks, etc.
Radar Weather Processing
Contacts:
Jeffrey B. Knorr, Professor Robert Bluth, Director
ECE Department CIRPAS Research Center
(831) 656-2815 (831) 384-2776 X10
jknorr@nps.edu rtbluth@nps.edu
Prepared for: Executive Business Course Reception
Prepared by: Department of Electrical & Computer Engineering




The NPS Weather Radar Project objective is to develop the technology for adding a
parallel weather processing capability to tactical military radars and to develop an
advanced scientific instrument for investigation of atmospheric phenomena.
Operational Payoff:
The payoff for the military will be the integration of current weather data into the tactical
radar picture.  The payoff for the scientific community will be the availability of an advanced
instrument for investigation of atmospheric phenomena.
NPS Project Contributions:
System Integration and Maintenance - NPS integrated the radar and generators
onto the mobile platform and performs ongoing system maintenance.
Theoretical Analysis – NPS derived and will experimentally verify calibration and
parameter estimation algorithms for frequency agile, phased array radars.
System Calibration – NPS is calibrating the radar.
System Operation, Test and Evaluation – NPS operates the radar, uses the radar
in on-going experiments and evaluates results to identify new research problems.






Research Partnership: This project has been executed via Cooperative Research
and Development Agreements between NPS and ProSensing, Inc., Amherst, MA.
Funding has been provided through ONR SBIR and STTR Programs.
Technical Challenges:  High speed digital processing and real-time display of weather data;
calibration of frequency agile, phased array radars; weather signal parameter estimation
algorithms for frequency agile, phased array weather radars; data quality control.
Recent NPS Publications:
[1]  I. PopStefanija, J. B. Knorr and P. Buczynski, “Advanced Weather Surveillance Algorithms
and Techniques Using a Rapid Scanning X-Band Radar – First Results”, 32nd Conference on
Radar Meteorology, Albuquerque, NM, October 2005.
(http://ams.confex.com/ams/32Rad11Meso/techprogram/paper_97107.htm)
[2]  J. B. Knorr, “Analysis of Performance Characteristics of the Naval Postgraduate School
MWR-05XP Mobile Weather Radar” , Technical Report NPS-EC-05-005, Naval Postgraduate
School, Monterey, CA, December 2005.
(http://www.nps.edu/Research/publications/05techrpt.html)
[3]  J. B. Knorr, “The Extended Weather Radar Equation: Frequency Agile and Phased Array
Radars”, submitted to IEEE Transactions on Aerospace and Electronic Systems, April
2006, currently under review.
Counter–  Radio-Controlled, Improvised,
Explosive-Device (RC-IED) Research
Project description:
A Marine Corps Systems
Command sponsored research




hardware in order to provide





Technical Objective: Design, build, and test a counter-RC-IED system capable of defeating specified
threats with a high degree of success to be considered for future integration into Marine Corps ground
electronic attack systems.
Technology Challenge: RC-IED systems operate at a wide range of frequencies, power levels, and
transmission schemes, making the design of an effective defensive system complex.
Technical Approaches: Specially designed receiver technology coupled with unique digital signal
processing hardware provides a means to effectively counter RC-IED detonation.
Cost and Schedule:
Initial funding provided by MARCORSYSCOM for design, construction, and
testing of single channel system to be completed by Fall ’06. Follow-on funding
required for multi-channel system construction and testing.
Electrical and Computer Engineering
Graduate School of Engineering





Department of Electrical and
Computer Engineering
Graduate School of Engineering
and Applied Sciences www.nps.edu
Operational Payoff/Transition Targets:
For future ship and aircraft applications, the array elements can be distributed and integrated
into the platform. The result is a low cost, low observable, reconfigurable, survivable, high
performance digital phased array for communications, radar and electronic warfare systems.
Deliverables:
A demonstration array will be completed in late 2006.  Off-the-shelf hardware is being used to
construct the array, which will operate in the frequency range of
800 MHz to 2.5 GHz.
Technical Objective:  Perform a design and simulation of the antenna system to determine its
performance and the hardware requirements.  Demonstrate critical concepts and technologies.
Technology Challenge:  The significant challenges include wireless distribution of timing and phase
synchronization (LO) signals to all of the elements. COTS hardware has been used to demonstrate the
synchronization algorithm.  A T/R module design was completed and a prototype is in development.
Technical Approaches:  A series of hardware demonstrations have been planned to verify the
antenna design.  A small prototyped array is scheduled for completion in late 2006.
Contact Information
Prof. D. C. Jenn
jenn@nps.edu
Project Objective
The wirelessly networked digital phased array is a distributed array architecture that incorporates transmit-
receive (T/R) modules at each element.  They have no hardwire connections – the traditional beam-
forming circuitry is replaced with a wireless network.  This program has demonstrated some of the critical
technologies necessary for the wirelessly networked digital phased array.
Cost and Schedule:
This ongoing project has been sponsored by NAVSEA and ONR.


































Department of Electrical and
Computer Engineering
Graduate School of Engineering
and Applied Sciences www.nps.edu
Operational Payoff/Transition Targets:
The payoff includes guidelines on the operation and deployment of UAVs to maintain
high quality sensor links.
Deliverables:
Deliverables include operational guidelines and software models for prediction of
signal contours based on CAD models of the environment.
Technical Objective: Examine radiowave propagation in complex environments such as
city streets, ship decks and buildings.
Technology Challenge: Obtain sufficient signal strength and coverage so that sensor
and data links are maintained.  The challenges include antenna design and placement of
antennas on the UAV, as well as flight paths and altitudes that provide the best coverage.
Technical Approaches:  Computer simulations predict the signal strength for the UAV
sensor systems when various flight paths are selected.  Different antennas and antenna
locations on the UAV can be simulated.
Contact Information








This project has examined various aspects of radiowave propagation for UAV
operations on ships and in urban areas. The objective is to provide guidance in the
design and operation of UAV systems to improve data link and communications
when operating in complex propagation environments.
Cost and Schedule:
This ongoing project has been sponsored by NPS and Singapore DTSO.
Communication
between UAVs and
ground units is difficult
in urban areas because







and Simulation to reduce F/A-18E/F F414
Engine Maintenance Time
Objective
• Develop organizational model of NAS Lemoore Aircraft Intermediate Maintenance Division
• Evaluate organizational modifications for reducing F/A-18E/F F414 engine maintenance time






of Business and Public Policy
Organizational Modeling and Simulation vs. AIRSpeed
NAS Lemoore AIMD (Engine Division)
Results
Recommendations










• Airspeed focus: item (engine) moving through the organization
• Organizational modeling/simulation focus: information moving through the organization
What is Organizational Modeling/Simulation?
Inputs Model and Simulation Outputs
Gantt Charts
Backlog
No Impact6.6 hr   .Vary Meeting Frequency
No Impact2 min   .Adding Admin Personnel
No Impact1 min   .Adding Eng Mechanics
No Impact7.3 hr   .Combine Meetings
No Impact   4 hr    .Decrease Centralization
Combined tasks     .69 hr    .Combine Eng. & Test cell
Acceptance Tasks57 hr    .Combine Controller & Admin





Conrad Seminar MBA (FM)
Course Objectives
• Opportunity to appreciate reality of graduate education being received
• Familiarize students with budget formulation, process, and execution
• Help transition from academic environment to financial management operation
environment
• Lead military financial management education into more “jointness” wherever feasible
VADM (ret.) Thomas Hughes, USN




Graduate School of Business
and Public Policy www.nps.navy.mil/gsbpp
“We must select Flag Officers
who will contribute to a culture of improved
productivity.  In deciding who is best and fully qualified
for selection, you should give careful consideration
to the Navy’s need for Officers with proven expertise
in the field of Financial Management.”
—2005 Flag Officer Selection 
Board Precepts
…while preparing for the uncertainties of tomorrow.












The Conrad Scholar Program recognizes up to four financial
management M.B.A. students per graduating class for
distinguished academic achievement in financial management.
VADM (ret.) Thomas Hughes, USN










• Work with Pentagon Mentor
• Demonstrated Leadership Ability, Initiative, Integrity
• Thesis Approved by:
•Faculty Advisors
•Conrad Committee
•Senior Financial Managers in Pentagon
• Thesis Must be Presented at Pentagon
•Additional Qualification Designator (AQD)
•Recognized at NPS Awards Ceremony
•Personalized Plaque
Rewards
From left to right: CAPT William Cox, USMC; LT Gordon Meek, USN;
The Honorable Richard Greco, Jr; LCDR Thomas Dickinson, USN;
LT Todd McGee, USN. 
Asst. Secretary of the Navy for Financial Management and
Comptroller, the Honorable Richard Greco, Jr., presents Conrad
Scholar Awards to four NPS students at the Pentagon
in December 2005.
Requirements
H-60 Calibration Process Improvement
Materiel Logistics Management




1.Identify and seek recommendations to reduce non-value added components of the
calibration process by utilizing a “lean” process design.
2.Identify potential savings and practical courses of action for increased tool
availability, decreased cycle-time, and increased operational availability.
Methodology:
• Establish accurate calibration process flow through interviews and data collection.
• Analyze the value-added and non-value added processes in the calibration system
using value-stream analysis and other tools.







Inefficiencies in aviation-support equipment translate to reduced aircraft
availability.
Project Objective
Analyze the tool calibration process from selected H-60 Helicopter Squadrons














The MSA faculty are widely published and actively engaged in teaching and research.  Their expertise
spans the disciplines of Manpower, Econometrics, Statistics, Organizational Behavior/Change
Management and Training and Education.
Students:
Our students come from diverse backgrounds and include USN officers from the URL, RL and Staff Corps
as well as students from the USMC, USA and USAF.  We have international students from Australia,
Singapore, Korea, Turkey, Norway and Greece.
Student Research
Contact Information











The mission of the MSA program is to educate U.S. DOD personnel and international
armed services personnel in the filed of manpower systems analysis.  We provide
management and subspecialty  education through a blended quantitative and qualitative
approach to MPT&E problem solving and policy analysis.
Return on investment of Navy Early Graduate Education Programs
Analysis of Retention of Female Navy Surface Warfare Officers
Manpower Requirements for Acquisition Programs (LCS, UAVs, USVs)
Effects of GWOT on USN and USMC Retention
Use of Commercial Training Technology  in the P7 Fleet Replacement Squadron
Outsourcing of Military Manpower
Center for Defense 
Management Reform 




Legislating Civil-Service Reform: The Homeland Security Act of 2002. Dr. Douglas A.
Brook, NPS, Dr. Cynthia L. King, NPS, LT David Anderson, U.S. Navy, Capt Joshua Bahr,
U.S. Marine Corps, June 2006.
A Performance Metric and Goal-Setting Procedure for Deadline-Oriented Processes.
Dr. Kenneth H. Doerr, NPS, Dr. Kevin Gue, Auburn University, December 2005.
Student Publications
Center for Navy Business Excellence: A Catalyst for Business Transformation.
LT Gordon E. Meek, U.S. Navy, December 2005.
Federal Financial Reform. Policy Formulation to Implementation: Research into 
Relationships between the President’s Management Agenda Scorecard, Federal Audited
Financial Statements, and GAO High Risk List. Capt Andrew Lind, U.S. Air Force, 
December 2005.
Performance-Based Pay for the U.S Marine Corps. Maj Henry Brown, U.S. Marine 
Corps, Capt Owen Nucci, U.S. Marine Corps, December 2005. 
Contact Information




CDMR Purpose and Objective
• To provide a forward-looking source of education and research to support current 
and future leaders who embark upon management-reform policy agendas. 
• To create a resource where knowledge of the history, theories, themes, 
successes, and failures of past defense-related management reforms can help 
inform and guide the design and execution of future reform policies. 
• To operate as a point of intellectual coordination for academic, professional, and 
governmental entities engaged in the topic of defense-related management-reform 
policy.
Research Focus
The new CMDR center focuses on two levels of management-reform policy.
Strategic level: addressing the management-reform agendas 
of senior leaders. 
Operational level: addressing management reforms in specific 
functional areas.
 Acquisition Research Program 
Acquisition Chair:  
RADM James B. Greene, Jr., USN (ret.) 
Program:  
Established in 2002, Naval Postgraduate School’s Acquisition Research Program 
provides leadership in innovation, creative problem solving and an on-going dialogue, 
contributing to the evolution of Department of Defense acquisition strategies.  
Objectives of the NPS Acquisition Research Program include:  
 Establishing NPS acquisition research as an integral part of policy-making for 
Departments of Defense and Navy officials.  
 Creating a stream of relevant information concerning the performance of DOD 
acquisition policies with viable recommendations for continuous process 
improvement.  
 Preparing the workforce to participate in the continued evolution of the defense 
acquisition process.  
 Collaborating with other universities, think tanks, industry and Government in 
acquisition research.  
Highlights:  
 3rd Annual Acquisition Research Symposium Participants: 250 
 Research Projects to Date: 133 
 Faculty Conducting Research to Date: 112 
 Student Participation to Date: 82 
 University / Think Tank Collaboration to Date: 31 
Program information: www.acquisitionresearch.org    
 
 3rd Annual Acquisition Research Symposium Highlights 
Keynote Speaker:  
The Honorable Kenneth J. Krieg – Under Secretary of Defense for Acquisition, Technology & 
Logistics 
Participants included: 
Shay D. Assad – Director, Defense Procurement and Acquisition Policy 
Dr. Jacques S. Gansler – former Under Secretary of Defense for Acquisition, Technology & Logistics 
Rear Admiral Charles S. Hamilton II, US Navy – Program Executive Officer for Ships 
Nancy Spruill – Director, Acquisition Resources and Analysis, Office of the Under Secretary of 
Defense for Acquisition, Technology and Logistics 
Charlie E. Williams, Jr. – Deputy Assistant Secretary of the Air Force (Contracting) 
Lieutenant General Joseph L. Yakovac, Jr., US Army – Military Deputy to the Assistant Secretary 
of the Army for Acquisition, Logistics & Technology 
Topics included:  
• Acquisition Reform • Collaborative Technologies/Management 
• RFID • Issues in Program Management 
• Budgeting, Financial & Cost Management 
• Contemporary Issues in Contracting  
• Transformation 
• Logistics 
• Shaping the S&T Base • Battlefield Contracting; Service Contracting 
• Real Options Analysis • Strategic Sourcing 
• Open Architecture 
 
• Earned Value Management 
4th Annual Acquisition Research Symposium  
May 16 – 17, 2007  
Keynote Speaker: The Honorable Delores M. Etter 
Assistant Secretary of the Navy (Research, Development and Acquisition) 
Symposium information: www.researchsymposium.org 
AIRSpeed:
I-Level Engine Repair Shop
Contact Information
LCDR Eric Jafar – mjafar@nps.edu
LCDR (Sel.) Terry Mejos - tnmejos@nps.edu
LT Chieh Yang – cyang1@nps.edu
Logistics Department






• We will deliver a case study for classroom discussion and make
recommendations to further improve their repair process.
Project Objectives
• We will analyze how the Aviation Intermediate Maintenance
Department (AIMD) at Naval Air Station Whidbey Island, WA
improved the repair cycle time and increased the availability of
the J-52 engine for the EA-6B aircraft.
• We will apply lean six-sigma, simulation modeling and other
methodologies to further improve their repair process.
CENETIX-TNT Test Bed
Objectives
• Provide interdisciplinary studies of multiplatform sensor-unmanned
vehicle-decision maker self-organizing networks; tactical network
integration with Global Information Grid, collaborative technologies,
situational-awareness systems, and multi-agent architectures.
• Integrate and operate NPS-SOCOM Tactical Network Topology and






Graduate School of Operational
and Information Sciences



































• Wireless Network Technologies
• Agile, Adaptive Networks
• Ship-to-Shore links for exfiltration
• of data to reach-back centers (802.16,
802.20, VPN-Internet/Satellite)
• Ship self-forming network based on ITT
mesh solution
• Robust comms at 1.5-4km
• Ultra-wide band communication from
within vessel or structure













UAV video at Camp Roberts
viewed at NPS NOC
CENETIX- TNT plug-and-play sensor-unmanned vehicle-















































Ongoing CENETIX Projects Research Areas





• Integration with GIG-EF and
GIG-BE
• Shared Situational Awareness
• Network-Aware Sensor Grid
• Network Controlled UAVs
• Mesh Networks
• Wireless and Airborne Network Modeling
Nemesis Mobile Research Facility
Nemesis is:
• A mobile and portable fully self contained research platform
• Converted 33 foot Class A motor coach (RV)
• Reconfigurable, deployable
– Initially for 802.11 WLAN research
– Deploys in CONUS in support of student thesis field research and in support
of disaster relief (Katrina) & DoD exercises (Strong Angel)
• Capabilities
– 1.2 m MotoSat satellite dish
– Internal wired/wireless network
– 802.16 Broadband Pt–Pt / Pt to Multi-Pt capable
– RF analysis (Anritsu Spectrum Analyzer)
– WLAN analysis (AiroPeek NX/AirMagnet)
– Video surveillance
– VHF/UHF/SATCOM capable with PRC-117F
– 30’ telescoping pneumatic antenna mast with pan/tilt/zoom
Contact Information
LtCol Carl Oros, USMC, cloros@nps.edu
Mr. Brian Steckler, steckler@nps.edu
Department of Information Sciences




















Department of Information Sciences





•Data (6 – 54 Mbps)
•CHAT





USMC DDACT (ITT Mesh
Card)
Modular Computer Corp.




Equip a DO Platoon with wireless mesh and 802.16 long haul technologies and
investigate the potential for tactical wireless networking at the company level and below
“An evolving concept that seeks to maximize the Marine Air-Ground Task Force (MAGTF) commander’s
ability to employ tactical units across the depth and breadth of a nonlinear battlespace, in order to achieve
favorable intelligence-driven engagements as part of the Joint Force Commander’s overall campaign. “
– Marine Corps Warfighting Lab, Jan 05
Distributed Operations (DO)
Research Plan
• Integrate wireless testing with the quarterly NPS-SOCOM
sponsored Cooperative Field Research Program’s Tactical
Network Topology (TNT) experiments at Camp Roberts ANG
base, near Paso Robles, CA
• Test COTS & emerging wireless and broadband back-
haul technologies in a simulated tactical environment
for potential incorporation into future DO platoon T/E
Deliverables
Provide student theses and technology recommendations to
MCWL and integrate testing with Sea Viking 08 experiment plan






























at the Right Time (VIRT)
Contact Information:
Department of Information Sciences
Graduate School of Operations and Information Sciences
www.W2COG.org
Project Objective
Construct and analyze combat mission threads to elucidate the valuable information
required by the warfighter in order to architect a VIRT-enabled service to enhance
situational awareness, minimize bandwidth, and foster mission success
Problem Addressed
 Bandwidth is not free and will never satisfy the communication requirements of proliferating networked
battlefield systems and sensors.
 Info-Glut1: Technology-generated information exceeds the human capacity to process it.
 Standardization of meta-data does not address the context of the information.
Proposed Solution
• Architect all future DoD software dependent systems with VIRT2 principles. This will ensure high-value
(relevant, timely, contextual) bits are delivered to the tactical end user and low-value bits are filtered out.
• Continue to develop/refine mission threads to deepen understanding of the Bit Value Chain and operators’
information needs to develop the software architecture that delivers information superiority to network
centric operations.
Dr. Rick Hayes-Roth, fahayesr@nps.ed
LtCol Carl Oros, USMC, cloros@nps.edu
Helicopter Mission Thread
Where the digital rubber               meets the
road!
•A viable NCW solution must address the warfighter below 1,000’,
AKA, the disadvantaged tactical end user
Creating a Network Centric Software Architecture Based on the Info-Needs of the Warfighter
Ground Mission Thread
Valuable Information
• Determined by the end user or
information consumer
• Must be relevant to the information
requirement (Conditions of Interest)
• Enabled through a Model Based
Communication Network with VIRT
services & Smart Push
1: Dr. Peter J. Denning, Communications of the ACM, Jul 2006, Vol. 49, No. 7
2. Dr. Rick Hayes-Roth, Model Based Communication Networks and VIRT: Filtering Information by Value to Improve
Collaborative Decision-Making
Architecting distributed information awareness
into battlefield combat systems
Hastily Formed Networks
The Perfect Storm Trial:
Katrina and NPS Hastily Formed Networks 
Department of Information Sciences
Graduate School of Operational and Information Sciences 
Cebrowski Institute Brian Steckler, steckler@nps.edu
www.nps.navy.mil/disasterrelief
Hurricane Aftermath, 9/1/05:
•  Power out
•  Fiber/copper infrastructure
down
•  Push-to-talk comms scarce
•  Cellular jammed
•  Satellite phones jammed
•  Few satellite equipment suites
•  No web, email, VOIP
NPS HFN Team, 9/3/05:
• Rushed rapidly deployed, portable/
mobile networks to ground zero 
(Mississippi)
• Led team of over 25 personnel 
from NPS, OASD, and industry 
to set up broadband hotspots 
in 100% downed zone
• Gave first responders ability to 
work together
• Brought connectivity, dial-tone 
telephony to entire region
• Provided SATCOM, WiFi, WiMax, 
broadband internet, web, email, 
VOIP dial-tone, Skype, and Groove
A job well done? Yes.
Are we satisfied? No.
NPS is improving scalable, robust, interoperable communications and defining 
the roles of DoD, the private sector, and local and international jurisdictions 




Scenario:  Attempt to Smuggle Dirty Bomb into US Port
• THAILAND PHASE:
- Truck with dirty bomb detected by Isotope Scanner/Sensor
- Truck surveilled by various sensors, info passed to C2 nodes
- Dirty bomb loaded onto container ship bound for Hawaii
• TRANSIT PHASE:
- Ship’s transoceanic transit tracked by Military & National sensors
- Coordination between US Military, Law Enforcement other NGAs
• HAWAII:
- Ship interdicted by USCG upon arrival in Hawaii OPAREA
- Ship’s crew ID’ed w/ biometric sensors
Benefits to the Warfighter:
• Advanced sensors for tracking targets in littoral scenarios
• Quickly configurable, secure COTS 802.11/802.16 networks
• Improved Situational Awareness at local and remote C2 nodes
• Evaluation of various UAV platforms for suitability in ISR missions
• Preliminary CONOPS & TTEs development for new C4ISR systems
Milestones to Fielding Capability:
• COASTS-05/06 Lessons Learned incorporated in COASTS-07 plans
• Annual series of field experiments
• Five CONUS experiments to demonstrate technologies and test systems
• Two OCONUS experiments in real-world Coalition environment
• System and Subsystem analysis and evaluation for military utility
• Development of Preliminary CONOPS, TTEs and Lessons Learned
• Real-world employment of high payoff systems and technologies
COASTS 2007:
Maritime Dirty-Bomb Scenario
James F. Ehlert: (831) 656-3002
Information Sciences Department
Graduate School of Operational
and Information Sciences
www.nps.edu
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• COASTS Technology Demo to VIPs
• COASTS After Action Report
& System Evaluation Reports
• Preliminary CONOPS & TTEs
Budget $ 700K
• $700K -- FY 07
• $700K -- FY 08
Safe Data Transmission
in Ad Hoc Networks
Mobile ad hoc networks are the future of wireless technology. They are
practical and have been used for military applications such as battlefield
mobile communications, disaster relief, monitoring, and any flow of data in
general. The network instantly updates and reconfigures itself to keep the
access points connected.
Funding: Initial support has been




Description of the project: The project is studying safe transfer of information from source to
destination in an ad hoc network. Nodes in the network communicate either directly with each other or
with the help of intermediate nodes in the network.
Problem: Fast development of new wireless services has resulted in a depletion of frequencies in the
radio spectrum. Reuse of frequencies within a wireless communication network can offer considerable
economies, but it leads to a loss of quality of communication links. We use coloring to model
frequency assignment. Also, some nodes will act as temporary control holder for a part of the network,
being able to update the network with the information on the nodes it controls (the node dominates all
access points that it controls).
Objective: To study the mathematical model of ad hoc networks, and use the properties of connected
dominating sets and colorings to find optimal channel assignments in ad hoc networks.
.
An ad hoc network is a temporary
collection of wireless mobile
access points dynamically
forming a network without the
use of any existing centralized
control (such as a base station,
which is more prone to failure).
Applied Mathematics Department
Graduate School of Engineering and Applied Sciences
Deliverables: The results of this research will be shared at national
and international conferences, and will ultimately be published in professional
journals. Some of the results or open questions generated by the current
project can serve as future master’s as well as Ph.D. thesis topics for Navy
students.
Operational Payoff/Transition Targets:
The payoff for this work will be to learn what is the minimal need of frequencies
in a network in order to have safe and clear information transfer.
Bifocal Relay Mirror Spacecraft
Spacecraft Research and Design Center
Mechanical and Astronautical Department
Graduate School of Engineering
and Applied Sciences www.nps.edu
Operational Payoff/Transition Targets
Relay a laser (ground, Airborne Laser (ABL) or space-based) through an optical
relay satellite to a non-cooperative, distant target on earth, air or space.
Deliverables
Techniques, procedures, and algorithms to deal with rapid maneuvers of
low-stiffness (high flexibility) spacecraft with tight pointing requirements.
Technical Objective: Perform rapid, high-control authority maneuvers of massive, flexible
spacecraft while also achieving extremely high pointing accuracy (often opposing
objectives).
Technology Challenge: Current controls & actuators unable to achieve both objectives:
CMG singularities, time-varying spacecraft inertia, time-varying structural frequencies.
Nano-radian (0.00000006o) Optical Beam jitter requirement.
Technical Approaches: CMG singularities have been minimized. Adaptive feed-forward
algorithms being investigated to deal with inertias. Adaptive structural control filtering will













The objective of this work is development of the technological base for future military
space missions to perform rapid target acquisitions, tracking, and fine pointing.




The payoff for this work will be considerable increase in effectiveness and productivity of
spacecraft targeting maneuvers and can be extended to underwater and ground vehicles.
Deliverables:
A new framework for autonomous control generation for constrained nonlinear systems.
Cost and Schedule:
Sponsored jointly by AFOSR, AFRL, DoD and NASA.
Technical Objective: Real-time optimal control of nonlinear dynamical systems.
Technology Challenge: Theoretical foundations such as stability and convergence of
feedback control systems with non-smooth (i.e. non-differentiable) functions.
Technical Approaches: Intelligent spacecraft re-plans and executes new optimal
maneuver in real-time. The controls are obtained by way of pseudospectral methods
(DIDO software) as these techniques can generate optimal open-loop controls within
fractions of a second. Non-measurable states and parameters are estimated using the
state-of-the-art Unscented Kalman Filter (UKF) that best suits highly nonlinear dynamical
systems.
Project Objective
The objective of this project is to develop a revolutionary control algorithm that leads
to smart spacecraft systems wherein a battlegroup commander may simply tell the
system what to do, rather than how to do it. The new framework will be the basis of
providing autonomy – and hence smartness – to future space systems.

































I. M. Ross Director, GNC Lab
imross@nps.edu • 831-656-2074
Thesis Student: CDR Andrew Fleming, USN
Research Associates: Dr. Pooya Sekhavat,
Dr. Qi Gong
Department of Mechanical and
Astronautical Engineering
Graduate School of Engineering
and Applied Sciences
Real-Time Trajectory Generation for
Reusable Launch Vehicle (RLV) Reentry
http://www.nps.navy.mil/~imross
Operational Payoff/Transition Targets:
The payoff will be to dramatically improve safety, reduce flight cost, and enhance access
to space through fully autonomous manned and unmanned space missions.
Deliverables:
A set of computer programs and technical papers that detail the designed algorithms.
Cost and Schedule:
Funding for this research was provided by the Air Force Research Laboratory.
Technical Objective: To apply optimal control theory to the full 6-DOF model of
RLV/environment in order to accurately and rapidly generate entry trajectories for onboard re-
planning, re-targeting, and reconfiguration scenarios.
Technology Challenge: When the problem is framed as a quest for closed-form analytical
solutions, only simplified models can be taken leading to an incorrect footprint, thus violating
safety specifications.
Technical Approaches: 1) Formulate and solve a 6-DOF integrated inner- and outer-loop
problem using pseudospectral methods (DIDO software); 2) determine the best computational
speed achievable with current hardware technology; and 3) demonstrate that capability of
generating accurate footprints onboard and in real-time.
Project Objective
The project objective is to develop advanced guidance-and-control (G&C) algorithms
in support of the RLV reentry problem. One problem is to generate onboard real-
time footprints, so that, in case of actuator failures, the vehicle may be retargeted to
a safe landing site.






I. M. Ross, Director, GNC Lab
imross@nps.edu • 831-656-2074
Thesis Student: Capt Kevin Bollino, USAF
Department of Mechanical
and Astronautical Engineering
Graduate School of Engineering
and Applied Sciences
Missile and Launch Vehicle
Attitude Control
Technical Objective: Development of a comprehensive control strategy comprised of (i) a swing-up
control that minimizes the swing-up time, (ii) a stabilizing control that provides upright robustness and
stability, and, (iii) a Mode Switch Controller for the switches between the two.
Technology Challenge: The highly nonlinear coupled equations of motion and existence of
parameter uncertainties.
Technical Approaches: An HDCS-Scheduler control strategy for swing-up, LQR-based time-delay
control for stabilization, and an energy based control for the mode switches.
Project Objective
The objective of the project is to design a robust nonlinear control algorithm for an
underactuated mechanical system. Applications include attitude control of missiles
and launch vehicles. The control will be verified through simulations and test
experiments in the presence of various disturbances and parameter uncertainties.
Missile and Launch Vehicle






Thesis Student: LT Ryan Lewis, USN






Ground Test Rig at GNC Lab
Operational Payoff/Transition Targets:
The operational payoff is cost saving and improvement of the system reliability; a result
of reducing the number of components (actuators), total weight, and total power
requirements of the underactuated system.
Deliverables:
Robust autonomous control scheme for underactuated nonlinear systems.
Cost and Schedule:
The project was funded by DoD and through ADD(Korea)-NPS Collaboration.
Department of Mechanical
and Astronautical Engineering
Graduate School of Engineering
and Applied Sciences
Application of Tethered LEO Satellite for
Signal Geolocation
Project Objective
The Tethered LEO Satellite project investigates the use of a tethered satellite system to
provide electronic emitter geolocation from low-earth orbit (LEO). The study includes
formulation of the current state of tether technology and pinpoint the areas requiring further


















An eventual operational tethered satellite built and launched for far less than other methods of emitter
geolocation from orbit
Deliverables
We are developing a program that performs detailed simulation of emitter geolocation from a tethered
satellite.
Cost and Schedule








Technical Objective:  Define the relevant technologies and areas for scientific research on tethered
emitter geolocation system. Determine priorities of research on tether systems to enable the tethered
geolocation concept.
Technology Challenge:  Tethered satellite technology research spread across many different fields.
Tether technology readiness level is considered low.
Technology Approach: Review previous works on tethered satellite systems, and modify an existing





Thesis Student: LT Thomas Merkle, USN
Department of Mechanical
and Astronautical Engineering
Graduate School of Engineering and
Applied Sciences
Center for AUV Research
Project Description
 NPS ARIES (Acoustic Radio Interactive Exploratory Server) is used for
development of computer architecture, software, sensors, and navigational
hardware for small- to medium-sized autonomous systems. Most recently it has
been used for testing a blazed-array forward- looking sonar for development of
obstacle-avoidance algorithms.
Recent Technical Objective: Direct a UUV to avoid objects in the water column that represent
impediments to forward progress.
Challenge: Demonstrate a full closed-loop response of obstacle detection, declaration, and vehicle
response.
Accomplishment: During AUV FEST 2006, we demonstrated the first working obstacle-avoidance
system using the forward-looking sonar.
Forward-Looking Sonar (FLS) Detecting a
Sunken Barge.
Mechanical and Astronautical Engineering









NPS ARIES preparing for deployment into Monterey bay
Focus Areas:
• Navigation, control, and communication
• Multi-autonomous vehicle experimentation
• Multi-vehicle operations
• Acoustic modem comms for UUVs while 
underway
• Obstacle-avoidance behaviors using 
blazed-array forward-looking sonar
Blazed-Array Forward-Looking Sonar:
• Max Range 80m
• Update Rate Up to 2Hz
• Swath Width 45º
• Beam Width 1º x 15º
• Operating Frequency 450kHz
Feature-Based Navigation
Project Objective
Reacquisition of mine-like targets using localized features detected with a forward-
looking sonar as input into the position-estimation filter. Sensing objects with the FLS
system and then correlating them with a feature map from previous missions permits
the AUV to accurately navigate an area without support from traditional underwater
navigation devices.
Recent Technical Objective:
• Create the “a priori” feature map with the NPS REMUS vehicle
• Pass the feature map to the follow-on Nekton Ranger vehicle
• Nekton Ranger vehicle navigates in the surveyed area and updates its estimated position using the
localized features detected in the forward-looking sonar.
Operational Payoff:
• Reacquire and attach to targets of 
interest with inexpensive AUVs
• Eliminates the need for pre-
deployed acoustic beacons and 
expensive inertial sensors.
• Leads to low-cost mine-
neutralizing capability.
Mechanical and Astronautical Engineering









REMUS UUV with FLS attached
August 2006 FBN Experiment, Monterey, CA
Research:





  Simultaneous localization and mapping
 (SLAM)
  Concurrent mapping and localization
Autonomous-Vehicle Teams
Project Objective
Develop new tools for robust inter-vehicle cueing, situational awareness,
and distributed sensing for teams of heterogeneous vehicles (aerial,
ground, surface, underwater), and demonstrate new capabilities in the
field.
Technical Objective: Give autonomous systems the ability to collaborate together to improve mission
effectiveness, using aerial vehicles as communications relays and video cueing agents.
Technology Challenge: Coordination of autonomous-vehicle teams to meet objectives.
Technical Approaches: We have identified a wireless solution for our network communications and
video transition and are studying multi-vehicle control.
Scan Eagle UAV takeoff at Camp Roberts, CA
Operational Payoff:
• The cost of unmanned systems in a
large area will be less expensive than
using equivalent manned systems
• The search capabilities of unmanned
systems rivals that of manned systems
• A distributed unmanned system will
increase productivity by permitting
personnel to place greater emphasis on
achieving objectives rather than
understanding the situation through
information discovery
Mechanical and Astronautical Engineering










Mechanical & Astronautical Engineering




Laboratory experimentation is a low-risk, relatively low-cost and potentially high-return
method for validating spacecraft system technologies and algorithms, before going to
space, by complementing analytical developments and numerical simulations.
Deliverables
1.Design and integration of full spacecraft simulators
2.Development of analytical models and Guidance, Navigation and Control algorithm
3.Experimental validation
Budget and Schedule:
! In FY05 and FY06 research funding has been provided by the Air Force Research
Laboratory and the Naval Postgraduate School.
! We are currently searching for further funding.
Contact Information:
Marcello Romano, Asst. Professor
Director of Spacecraft Robotics Lab
mromano@nps.edu, 831-656-2885
Autonomous docking of
two spacecraft will be a
required critical capability
for several military and





1.To perform advanced analytical and experimental researches in dynamics, guidance,
navigation and control of autonomous spacecraft and robots;
2.To contribute to educate the NPS students of the Space-Systems Engineering



























The Autonomous Docking & Spacecraft Servicing (AUDASS) test-bed at the NPS Spacecraft
Robotics Lab consists of two spacecraft simulators floating via air-pads on a flat floor in order to
recreate in 2D the weightlessness and frictionless conditions of the orbital space flight. The test-bed
is used to validate Guidance, Navigation and Control Algorithms for spacecraft proximity operations.
The AUDASS test-bed uses the prototype docking 
interface of the DARPA Orbital Express mission, 
which is planned to fly in late 2006
We are currently designing and integrating a new test-bed for
the validation of on-board autonomy algorithms for a cluster of
multiple interacting spacecraft, with autonomous assembly and
reconfiguration capabilities
Orbital Express (Artist Rendering)
Picture credit: DARPA
Autonomous assembly and reconfiguration
of multiple-spacecraft systems will
potentially bring to breakthrough new
paradigms for space missions, by enabling
enhanced capability (e.g. large aperture
systems), upgradeability, increased
survivability & proximity awareness
Student Participation
Currently, five NPS students (three MS and two PhD) and three visiting
research associates are collaborating with research conducted in the Spacecraft
Robotics Lab. Furthermore, two NPS students recently graduated by completing
their MS theses in the Lab.
Meteorological and Oceanographic






Graduate School of Engineering and Applied Sciences
Sponsors: ONR & SPAWAR
http://wx.met.nps.navy.mil/metrics/metrics_reports.html
Goals
1. Develop and transition to operational use systems for:
a. quantifying METOC performance and impacts on warfighting customer operations
b. modeling & predicting impacts of METOC support on war fighting operations
2. Identify methods for improving:
a. quality and efficiency of METOC support
b. use of METOC products by warfighting customers














Graduate School of Engineering and Applied Sciences
Sponsors: AFW and CNMOC
Goal: Develop and transition to operational use products and systems for providing state-of-the-art
climatology, also known as smart climatology, to DoD planners. Climatology includes all aspects of
climate system: atmosphere, ocean, land, space.
Motivation: DoD climatology products are based almost exclusively on traditional climatology.
State-of-the-art methods for climate analysis and forecasting are rarely used in providing DoD climatological
support. Improved support will benefit combatant commanders at all planning levels (strategic, operational,
and tactical), due to the wide application of climatology in the development of both climate and weather
products.
Approach to Solving Problem: Adapt and apply modern, or smart, climatological methods and products
















Senior local, state, federal and NORTHCOM officials with significant homeland
security responsibilities write a thesis on actual policy development issues
confronting their city, state, or sponsoring organization. Many theses have
been used as models and best practices across the country.
Center for Homeland Defense and Security





The 18-month program is sponsored by NPS and the U.S.
Department of Homeland Security. The mission is to expand capacity
for state, local, and federal officials. Participants are police chiefs, fire
chiefs, homeland security, and emergency-management and public-
health directors.
Homeland Security
Affairs is the online










MA thesis provides student




creating SMEs for future
Adapted from: Gerard Mc Hugh and Lola Gostelow, Provincial
Reconstruction Teams and Humanitarian-Military Relations in







This project develops tools for effective interagency operations in the field. Provincial
Reconstruction Teams (PRTs) integrate civilian and military stabilization and
reconstruction efforts at the tactical level. These teams require situational
awareness, decision frameworks for targeting projects appropriately, and monitoring
implementation to support the commander in the field.
Provincial Reconstruction Teams
Building a Common Picture
Major Cameron Sellers: csseller@nps.edu
Dr. Karen Guttieri: guttieri@nps.edu
Department of National Security Affairs
School of International Graduate Studies









Commanders use PRTs to build
a military-civil common operating
picture and to better integrate
lethal and non-lethal effects in
campaign plans. A PRT
simultaneously provides security
and assistance to provide a zone
for humanitarian efforts to occur,
governing authority to take hold,
and military forces to depart.
Deliverables
This project delivers online
education including interactive
exercises for Joint Task Forces,
Civil-Military Operations Centers,
Joint Civil-Military Operations Task
Forces, and joint interagency







































































drug culture and predation
Earns support of the
population
Blurs distinctions















The NPS Ocean Mapping project is developing methods to utilize networked high
frequency (HF) radar backscatter instruments to continuously map surface currents
in support of real-time search and rescue and hazardous material spill mitigation.
03:00 GMT 3 August 06
Surface currents from 8 radars
The Navy operates
primarily in coastal
waters both at home
and abroad.  HF radar
instruments increase
situational awareness.
Funding Partnerships: A Navy SBIR
project is developing shipboard deployment
options; State of California has funded a
multi-year program to install and operate a
real-time surface current mapping network.
Oceanography Department
Graduate School of Engineering
and Applied Sciences
Operational Payoff/Transition Targets:
The payoff for this work will be to improve the Navy’s ability to track highly variable
currents in the littoral ocean setting. These data, in turn, can be used to optimize
small boat and swimmer missions, to increase safety in man overboard situations, to
increase efficiency in tracking and containing hazardous spills, and as input to three-
dimensional numerical circulation models.
Deliverables:
NPS is serving as the technical manager for ongoing shipboard tests that will define
the operating parameters available for HF radar mapping systems on moving ships
at sea. Following on from its 13 year experience with HF radar mapping systems in
Monterey Bay, NPS is leading the development of programs and protocols for
delivering real-time products from California’s Coastal Ocean Currents Monitoring
Program (COCMP).
Technical Objectives: Define the optimal practices for transferring and combining radial
current data from multiple HF radar shore sites and create short-term forecast products
for search and rescue and hazardous spill mitigation.
Technology Challenges: Establishing reliable data connectivity to remote field sites
and understanding the impacts of near-field antenna pattern distortions on radiowave
backscatter instruments deployed along the shoreline and onboard ships.
Technical Approaches: Testing remote Internet connectivity via wireless links, satellite
communications, and cellular telephone, collecting antenna pattern measurements in
parallel with over-water, radar-to-radar baseline measurements, and conducting





Bomb Strike Exercise for 
Mine Countermeasure
Project Objective:
Improve warhead lethality for use in quick, precise and accurate strikes on known
enemy naval minefields in the littoral combat environment.
Dr. Peter C. Chu 
pcchu@nps.edu, Tel: 831-656-3688, 
Fax: 831-656-3686
Oceanography Department




This project is funded by ONR to improve fleet naval-mine-clearance capability and 
success. Several experiments were conducted in which bomb-like rigid bodies with a 
density ratio similar to operational munitions (namely the MK-84 general purpose 
bomb) were launched into a hydrodynamic test tank. The resulting data will be used 
for numerical verification of the initial three-dimensional model (STRIKE35), aimed at 
predicting overall trajectory, maneuvering, burial depth, and orientation of a falling, 
high-velocity, rigid body in the air-water-sediment column.
Tasks:
• Development of bomb-strike prediction model (STRIKE35) with tangent 
Ogive nose 
• Verification of STRIKE35 with full-size and reduced strike experiments
• Statistical-model development
Bomb strike is an efficient
way to clear mines
An accurate bomb-strike prediction model for eliminating enemy mines will dramatically 
reduce casualties and damage or loss of U.S. military resources.
Today’s Operations Research in Warfighting:
JOINT DEFENDER
Project Objective:
Sponsored by Naval Warfare Development Command, the JOINT DEFENDER (JDEF)
planning tool produces recommendations for positioning of Joint Theater Ballistic Missile
assets in a threat environment.  JDEF creates enemy courses of action to maximize damage
to a defended asset list then creates alternative friendly courses of action to minimize
damage based on user input assumptions. The solutions presented are provably
mathematically optimal and require only a Personal Computer to run.
Contact:




Graduate School of Operations
and Information Sciences
www.nps.edu
Objective:  Produce an affordable and intuitive Joint Planning Tool for Theater Ballistic Missile Defense asset
allocation
Challenge:  Develop mathematical optimization algorithm to achieve provably optimal force positioning without
the use of super-computing or greedy heuristics.
Result:  JDEF is implemented using the General Algebraic Modeling System (GAMS) under a graphical user
interface written in Microsoft Excel ©.  The planner is presented with a geographic display of the area under
consideration and may manipulate any or all of the parameters provided to the underlying model via the Excel
interface.
Technology:  Excel ©  Graphical User Interface provides intuitive user look and feel.  Resident on free-standing
personal computer using the General Algebraic Modeling System (GAMS) ©  and the CPLEX ©  Integer-Linear
Program solver.
There is absolutely no exposed mathematical detail at all:
The planner needs to know and understand missile
defense, not mathematical modeling of missile defense.
Theater Ballistic Missile
Defense planning in a
joint environment.
Today’s Operations Research and Warfighting:
Rapid Asset Pairing Tool-Ops. Research
Project Objective:
The Rapid Asset Pairing Tool-Ops Research (RAPT-OR) planning tool is developed to add
flexibility to the planned ATO to better cope with Time Sensitive Targets (TST).  Current
doctrine limits the targeting phase in striking a TST to 3 minutes.  The challenge is to provide
the decision maker with a number of analytically derived courses of action in minimum time.
All this must be done while minimizing the disruption to the published ATO, minimizing the
probability of attrition of friendly assets.  RAPT-OR is currently an EXCEL-based application





Graduate School of Operational
and Information Sciences
www.nps.edu
• Seeks to put the right weapon, and amount of weapons on a specific target
• Lets the decision maker decide the level of desired destruction
• Will not over-commit resources to one valuable target at the risk of not covering
  others, TST or otherwise
• Formulates missions into packages to increase Pk and decrease risk to friendly assets
  (Operational Risk Management)
• Lets the decision maker decide the impact of changing the ATO, attrition on friendly
  assets and time of response when formulating a solution (level of acceptable risk)

























•Flexible to intent and
direction of the Commander
The Answer:  RAPT-OR
•Heuristic Decision Aid
•Based in VBA and Excel
•Flexible and Fast
Non-Lethal Capabilities in a
Maritime Environment
PURPOSE:
The attack on the USS Cole within a civilian port and the increased threat of
piracy and terrorism in the maritime domain underscore the immediate need
for non-lethal capabilities. This research uses modeling and simulation to
explore the requirements, effectiveness and tactical use of non-lethal
capabilities in a maritime force protection mission.
The scenario emulates a tactical-level mission in which a U.S. Navy vessel returning to
Naval Station, Norfolk, VA, encounters a variety of maritime surface threats.
(Imagery obtained from www.maps.google.com)
Baseline Requirements: Establish requirements needed of non-lethal capabilities in order to
effectively determine intent and/or deter surface vessels.
Tactics, Techniques and Procedures: Incorporate new technologies into established Anti-
Terrorism/Force Protection tactics as well as explore alternate tactics, techniques and procedures.
Risk Assessment: Conduct quick port vulnerability and risk assessments. Assist decision makers in
Coarse of Action determination during Anti-terrorism/Force Protection planning.
Multi-Agent Simulation Provides 
Quick Analysis for Multiple Objectives.
Any real-world
imagery, map, or





Graduate School of Operational and
Information Science
Contact Information
LT Lisa R. Sickinger
lrsickin@nps.edu
Primary research question:
• What non-lethal capabilities are required for maritime force protection missions?
Supporting questions:
• Is Multi-Agent Simulation (MAS) an appropriate means to represent and analyze a ship’s ability to
determine intent and use a continuum of force?
• In what region of conditions are non-lethal capabilities tactically appropriate against high speed hostile
threats?
• What are the major differences in requirements given varying geographic constraints?
• What requirements are needed of non-lethal capabilities in order to effectively separate threats from
non-threats in a homogeneous group?
http://diana.gl.nps.navy.mil/SeedLab/
Business Case Analysis of Joint and Advanced
Concept Technology Demonstrations
OSD-funded research to provide credible business case analyses
(BCAs) for specific advanced concept technology demonstrations
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Student Theses and MBA Projects
USN: CDRs Rieck & Crosby; LTs Cornes, Goodson, Kratzer, Knudson, Rios, Ryan, Sego
USMC: Maj Garretty
USAF: MAJ Bello, Capt Carpenter
International: Mr. Lim (Singapore MOD), Lt Kuklewski (Polish AF)
Free Electron Laser Research
The NPS Directed Energy and Electric Weapons Center
studies free electron lasers and electromagnetic rail
guns, and their power and cooling support systems.
Primary Missions: Ship defense against missiles, small watercraft and aircraft, and theater
ballistic missiles; employs structural or soft kills
Free Electron Laser Weapon System:
o All-electric ships provide power for free-electron laser
o Integrated power systems support laser and electromagnetic gun, launch, and drive
o Megawatts of power, MegaJoules of energy destroys maneuvering target
o Laser weapon range is 5km to 8km at the speed of light
o Free electron laser produces powerful beams of TeraHertz radiation for materials











Directed Energy Center Activities
o Collaborations with NRL, LANL, BNL, LLNL,
Jefferson Lab, Stanford, U. of Maryland, U. of Texas
o Simulations support laser weapon development
o Stanford free electron laser may be coming to NPS
o Teaching/research supports PMS405, JTO, ONR
o Extensive student involvement:
o Conferences, workshops, industrial and lab tours
o Sixty Masters & 4 PhD students over 16 years
















Free Electron Lasers - Directed Energy
Rai lgun Technology
U.S. Naval Railgun Program Objective









• Apply innovative approaches to technical problems
• Contribute significantly to naval railgun technology
• Educate U.S. military officers in EML technology
Deliverables
1. Test operational prospects for new barrel concepts
2. Projectile designs and materials for improved rail life
3. Railgun test facility with high-velocity projectile capability
(including larger energy source, 100-600 kJ)
4. 50-kA working pulse-forming inductive network
5. U.S. military officers educated about EML technology
Where we are
• New barrel designs proposed
• Some improved projectile designs proposed
• Army infantry railgun round designed
• 60-cm railgun test-bed operational (larger power
supply—two 100 kJ modules—being assembled)
• Various rail materials acquired
• 50-kA pulse-forming inductive network module tested
• Railgun class notes ready, course regularly taught
• Thirteen EML thesis students from 2003–now
The NPS railgun 
under testing
  60 cm railgun
Railgun test bed 
Helicopter Brownout
Physics Department




The payoff for this work will be to dramatically reduce the loss rate for men
and hardware, particularly in the SOCOM and CENTCOM AORs.
Deliverables:
We will be delivering an algorithm to one of the national data centers,
and to the operational intelligence centers.
Technical Objective: Define landing zones which will have reduced probability of
producing brownout.
Technological Challenge: Remotely sense soil and surface characteristics in denied
territory.
Technical Approaches:  Civil remote sensing systems and national technical means are







The initial work was unfunded, but showed significant promise.  Subsequently,
funding has been received from the National Reconnaissance Office (NRO)
Merit Program, with support from SOCOM.
Helicopter Brownout is






The NPS Helicopter Brownout Project objective is to find ways to define landing
zones which will have reduced probability of producing brownout. The challenge is to
remotely sense soil and surface characteristics in denied territory. Both civilian
remote sensing systems and national technical means were and are being studied.
Individual Identify 
Friend or Foe (IIFF)
IIFF Purpose: To prevent shooter-on-shooter 










IR emitter worn 
by operators 
Laser on shooter’s
sights triggers the 
warning signal
• “Smart” emitter
• Immediate warning, but only when triggered by coded U.S. 
targeting laser
• Lightweight, low cost
• Emitter on flexible substrate
• Integrates seamlessly into existing SOPs
• No splashback of other incident IR light
• Laser modulation in requirement for LA5-PEQ, easily 
incorporated into ATPIAL, IPIM, Mini IPIM (MFAL program)
• Sponsor: Marine Corps Warfighting Laboratory
Key Advantages
System Engineering Framework for
Rapid Equipping Force (REF)
For information contact
Dr. Gene Paulo LTC Jeff Schamburg, PhD.
Systems Engineering Department Director




REF capability could be improved through the implementation of
specialized systems-engineering-analysis concepts. Our purpose is to
develop a tailorable REF analysis and implementation methodology, and
provide analysis, modeling, and simulation support to the REF for systems
under consideration.
What is REF?
An operational organization that provides combatant commanders with
rapid, cutting-edge solutions that increase lethality, improve force
protection, and enhance survivability.


































Mission:  Provide operational commanders with rapidly
employable solutions to enhance lethality, survivability
and force protection through insertion of COTS-GOTS
(Equip) and Future Force technologies (Insert) while
informing Army stakeholders (Assess) to remain ahead
of an adaptive enemy.
Technical Approach to this
research project:
• Identify priority REF systems for
analysis.
• Conduct research on identified
systems and appropriate SE
concepts, M&S, etc.
• Develop REF analysis
methodology.
• Application of the developed
analysis methodology to new
REF systems under
consideration.
• Refine / iterate methodology.
Systems Engineering Department
Graduate School of Engineering and
Applied Sciences
Accomplishments
Introduced 87 types of equipment.
Provided over 14,188 items to theater:
•2,438 items to OEF
•11,750 items to OIF
Small Satellite Program
The Small Satellite Design Program provides a mechanism for research and instruction in
satellite technology and its applications. The focus is on the design, development, and
ultimately, launch and operation of small satellites by officer students at NPS. In addition to
the building and flying of complete spacecraft, other space flight experiments are also
investigated which may eventually provide a better solution to existing technology for space
systems.
The current small satellite, NPSAT1, supports a number of technology demonstrations and
science payloads. Two Naval Research Laboratory (NRL) payloads investigate ionospheric
physics. Other experiments delve into configurable, fault-tolerant computing, micro-
electromechanical systems (MEMS) for space applications, lithium-ion battery technology,





Space Systems Academic Group




NPSAT1 is a low-cost technology demonstration satellite hosting a number of experiments.
NPSAT1 is a joint program between NPS and Space Test Program (STP).
Technology Challenges
Built and flown by officer students, faculty and staff. Full life cycle development of a space
system.
Cost and Schedule:
Total Hardware, I&T Cost Under $2M (excluding labor)
Secondary Payload Manifested on STP-1 Mission (Atlas V Launch - November 2006)
Operational Payoff/Transition Targets:
• Space-flight demonstration of lithium-ion
batteries, triple-junction solar cells, PC-based
• Command & Data Handling subsystem,
platform for ionospheric physics – “nowcasting” space weather
Deliverables:
• Space-savvy officers – Space Cadre Elite
• Space flight data on spacecraft technology for future spacecraft architectures






• Space Cadre Graduate Education






The payoff for this work would be a fleet that could operate with impunity to fuel
price/availability with a reactor design that is simpler, safer, and less expensive than
today’s pressurized-water reactors. Unrestricted electrical power for propulsion, weapons,
communications, and land support services (water desalination, electrical power, hydrogen
or fuel production).
Design Advantages:
• Smaller systems volume
• Minimizes fissile inventory with no external fissile addition
• Immediate restart or shutdown
• Inherent load following without control rods
• Extraordinarily safe - high negative temperature coefficient / passive decay heat removal
Technical Objective: High efficiency, safe, low-cost, compact naval nuclear power.
Technology Challenges:
•Thorium fuel requires continuous reprocessing to remove bred 233U from blanket to core.
•Optimized gas turbine machinery for closed-loop and wide temperature range operation.
Technical Approaches: Online thorium blanket processing, graphite/BeF2 slurry
moderator, spiral core design, multi-reheat helium gas-turbine power generators.
Project Members:
Current plans involve working with Ohio State University, NASA Glenn Research Center,
and Cleveland State University to develop this technology along with the Naval
Postgraduate School. A joint distance-learning class is planned within the year.
Project Objective
An NPS student design team is investigating the benefits of a liquid-fluoride thorium
reactor (LFTR) as a ship power plant. The LFTR offers greater power system density,
deep inherent safety, and a simple, closed nuclear fuel cycle using abundant thorium
rather than uranium. Successful development of LFTR power plants enable future





power us for thousands
of years.
Space Systems Academic Group
Graduate School of Engineering
and Applied Sciences
Contact Information
Joe Bonometti
NASA Chair Liaison
jabonome@nps.edu
831-656-3453
